Dental technicians are exposed to respirable particles during their everyday work. This study investigated particulate production during dental laboratory procedures. Real-time air sampling of dental laboratory production processes was carried out, including the use of a plaster hopper, trimming study models and the trimming and polishing of removable orthodontic appliances. Respirable dust volumes in mg/m 3 were determined using real-time air sampler and were compared with the Workplace Exposure Limits (WELs) advised by the Control of Substances Harmful to Health regulations. The use of the plaster hopper produced the highest level of respirable dusts, which might exceed the recommended WELs for respirable dusts. Trimming study models and removable orthodontic appliances using suitable ventilation produced levels of respirable dusts, well below the WEL. Suitable ventilation adjacent to the plaster hoppers is advisable in order to reduce any inhalation risk to dental technicians.
Introduction
Within any dental laboratory, dental technicians may be exposed to potentially harmful substances and processes. One potential risk is through the inhalation of dusts generated, including those generated during the routine fabrication of orthodontic models and appliances.
The pneumoconioses are a group of respiratory diseases caused by the chronic inhalation of dusts, and which leads to nodular fibrotic changes within the lung. It can be caused by the inhalation of many substances including asbestos (asbestosis), silica (silicosis) and metal compounds (e.g., aluminium F aluminosis and beryllium F Chronic Beryllium Disease). The progressive fibrosis that takes place leads to the replacement of elastic tissue, with a resultant gradual stiffening and reduction in lung function. Symptoms may be slow to develop, but when present may cause breathing difficulties including a cough, wheeze and shortness of breath.
A number of studies have reported respiratory problems and lung diseases, mainly pneumoconiosis, within dental technicians (De Vuyst et al., 1986; Kotloff et al., 1993; Selden et al., 1996; Nayebzadeh et al., 1999; MMWR, 2004) . Kotloff et al. (1993) and Rom et al. (1984) and the term dental technician's pneumoconiosis, or DTP, is used to describe this condition. However, due to the number of dusts produced within a dental laboratory it is sometimes difficult to make an association of pneumoconiosis with any specific agent (Radi et al., 2002) .
The risk of silicosis in dentistry was first reported in 1939 (Siltzbach, 1939) when a case was noted of a dental technician who died of silicotuberculosis. The technician had worked polishing acrylic dentures for 19 years and his disease was linked to the high concentration of silica within the pumice used in the polishing process. Nine further cases of silicosis were described among dental technicians in five states of USA between 1994 and 2000 (MMWR, 2004 and there have also been reported cases of pneumoconiosis in dental technicians linked to metal dusts produced during the construction of cobalt chrome denture frameworks (De Vuyst et al., 1986; Kotloff et al., 1993; Selden et al., 1996; Nayebzadeh et al., 1999) . Other cases have been linked to exposure to beryllium (Rom et al., 1984; Kotloff et al., 1993) .
Although not a universal finding (Rom et al., 1984; Froudarakis et al., 1999) , several epidemiological studies have reported an increase in respiratory symptoms (reduced lung function and/or an increase in radiographic opacities) in dental technicians compared with controls. Again this is thought to be related to dust inhalation (Sherson et al., 1988; Choudat et al., 1993; Jacobsen and Pettersen 1993; Selden et al., 1995; Jacobsen et al., 1996; Kim et al., 2002; Radi et al., 2002; Hu et al., 2006) . Lung biopsies of dental technicians have found fibrosis, dust accumulations, inorganic material and very high concentrations of fibres within the sampled tissue (Tuengerthal et al., 1983) .
The aim of this current investigation was to determine the level of respirable particulates produced during routine orthodontic laboratory procedures and to relate these to currently accepted Workplace Exposure Limits (WELs; De Vuyst et al., 1986; Selden et al., 1996; Nayebzadeh et al., 1999) .
Methods
Ethical committee approval was obtained from the Salisbury and South Wiltshire Local Research Ethics Committee, ethics number 06/Q2008/27.
Real-time air sampling of dental production laboratory procedures was carried out using the Personal Data Ram pDr-1200 real-time monitor to determine particulate concentration.
The pDr-1200 is a real-time active air sampler, which is able to measure particulate concentration in mg/m 3 . The aerodynamic particle cutoff point of the sampler is determined by adjusting the air pump flow rate. For each experiment, the aerodynamic diameter cutoff was set at 5 mm (fully respirable particles) by adjusting the flow rate of the pump to 2.1 l/min.
Four different experiments were carried out in the orthodontic production laboratory with five sampling runs performed with each. For each experiment, the pDr-1200 was started and allowed to run for 2 min before any procedure in order to sample the ambient air. Throughout the experiment, the pDr-1200 was held adjacent to the technician's mouth and nose. Each experimental run lasted 20 min and was repeated five times. The pDr-1200 was zeroed between each run. The details of each experiment are described in turn:
Plaster Hopper
The hopper (KaVo, KaVo Dental) was used by the dental technician to deposit dental stone into a bowl of water. The dental stone and water were mixed using a spatula and placed into alginate moulds in order to produce study models.
Trimming of Study Models
Plaster study models were trimmed on a laboratory trimming wheel (Wehmer, Franklin Park, IL, USA) with water running over the wheels for 20 min.
Trimming Removable Appliances
Two upper removable appliances composed of cold cure acrylic and stainless steel wires were trimmed using a tungsten carbide cross-cut bur (Bracon) and an Identoflex ''snap on'' synthetic silicon rubber fine bur (Bracon) in a straight handpiece. The technician had the laboratory dust extractor (KaVo Elektrotechnische werk GmbH) switched on during the whole 20-min procedure.
Polishing Removable Appliances
A removable appliance was polished using the Degussa Appliance polishing machine (Degussa Poliereinheit PE5, DeguDent GmbH). Pumice (Steribim dust-free germicidal pumice, Metrodent), lustre block initial polish (Bracon) and white universal polishing pastes (SHERA POL 705, Shera GmbH) were used to polish the appliance.
Results
The data were analysed using Stata Version 10 (Stata, College Station, TX, USA) with a predetermined level of significance set at a ¼ 0.05. Summary data are shown in Table 1 and in the box plots in Figure 1 . Analysis of the results for all four of the dental laboratory procedures using the Kruskal Wallis one-way analysis of variance (Table 2) demonstrated a statistically significant difference in the level of particulate production. This is illustrated in Figure 1 of the mean values and 95% confidence intervals of the mean values where the particulate concentration following the use of the plaster hopper is much greater than with the other three procedures. Not only does there appear to be a greater mean concentration of particulates observed following the use of the plaster hopper, but there is also a much greater observed range than that seen when trimming study models or when trimming or polishing a removable appliance (Table 1 ; Figures 1 and 2) .
These figures can be compared with WELs. The WEL for ''respirable'' dusts is 4 mg/m 3 , which is a time-weighted Table 1 are the TWAs over 8 h for each of the procedures and calculated using the maximum concentration data in each case. It is clear that the levels for the plaster hopper are above the WELs at 7.81 mg/m 3 , if the maximum concentration of particulates observed was to remain at this level for the whole 8 h. The particulate levels for the other procedures were well below the WEL at 0.084, 0.054 and 0.056 mg/m 3 for trimming of study models, trimming and polishing removable appliances, respectively, even when using the measured maximum particulate levels.
Discussion
The plaster hopper demonstrated the highest dust levels throughout the experiments, with a maximum, although transient concentration of particulates at 37.65 mg/m 3 . Of the four procedures under investigation the plaster hopper not only demonstrated the highest mean concentration of particulates, but also the greatest range (Figures 1 and  2 ). Unlike when trimming or polishing a removable appliance, where extractor fans were attached to the bench top machines, or trimming plaster study models which is done with water coolant, there was no specific ventilation present in the laboratory to aid clearance of the dust from the hoppers. Neither did the technicians wear any form of protective face mask while using the hoppers. This finding is similar to that of previous studies by and who found that the majority of particles identified in the dental laboratory were not only respirable, but the Threshold Limit Values for many were exceeded when no ventilation outlet was used. Indeed without adequate ventilation the levels of dust can be very high, exceeding recommended limits by up to 32 times (Selden et al., 1995) .
Although in the present study the highest recorded concentration of particulates was for the plaster hopper, at a mean level of 0.48 mg/m 3 and with a highest single recording of 37.65 mg/m 3 , it is the 8-h TWA which is probably the most important value to consider (SKS, 2007) . If the exposure was continually at the maximum level of 37.65 mg/m 3 , then the TWA would be 7.81 mg/m 3 and would exceed the recommended level of 4 mg/m 3 for respirable particulates, in this case gypsum. This is above the WEL advised by Control of Substances Harmful to Health regulations, 2002. Prolonged exposure to this level of dust may in theory cause the dental technician to suffer from respiratory problems, ranging from rhinorrhoea to more severe problems including pneumoconiosis. As discussed earlier, many previous studies have described dental technicians suffering from pneumoconiosis and an increase in respiratory complaints. However, using the mean particulate concentration, the 8-h TWA was just 0.1 mg/m 3 , and therefore, below the WEL.
When ventilation or coolant was used for trimming and polishing removable appliances and study models only a low level of particulates were detected, which fell below the WEL for respirable particles. As well as reducing particulate levels, ventilation has been previously shown to protect against respiratory symptoms (Froudarakis et al., 1999) . It is worth describing the water coolant used in the polishing and trimming of the removable appliances and study models. For the polishing of the removable appliances, a slurry of pumice in water is wiped onto the removable appliance and a dry rotating nylon brush is used to polish the acrylic of the appliance. This inevitably creates some splatter, much of which remains in the polishing vat of the machine, although some respirable particulates were detected. In the case of the trimming of the plaster study models, a continuous stream of water flows over the vertical grinding disc. This is principally used to prevent the grinding disc from clogging with the plaster debris. Some splatter is produced, as in the polishing of the removable appliance, and again respirables were observed to be well below the WELs. In both instances, the water coolant effect is less pronounced than that observed in clinical dentistry where an aerosol spray is used to cool the high-speed burs used with dental handpieces in the mouth of patients (Johnston et al., 2009) . When the plaster is released from the hopper there is a visible dust cloud produced as it moves through the air and into the mixing bowl of water. This occurred even when the bowl was held up close to the hopper dispensing the plaster. For the levels calculated over 8 h it assumes this procedure is carried out continuously over an 8-h period. For example, a technician using the plaster hopper and casting study models for 8 h, or trimming removable appliances continuously. This is unlikely but some respirable particulates once produced can remain airborne for days at a time (CONCAWE, 1999) , which could therefore be cumulative in terms of a build-up of concentration, and exposure for the operator. However, these persistent levels of respirables were not detected above the 8-h TWA. Many factors will affect the persistence of particles within the ambient air, including air turbulence and air exchange; and therefore, good ventilation is still recommended to ensure removal of these particulates.
The present study focussed on obtaining data on the level of respirable particulates produced during routine laboratory procedures. The purpose was not to specifically identify the composition of the particulates produced. However, it might be anticipated that when trimming plaster models or when pouring plaster powder into water before mixing, the dust produced will comprise significant amounts of gypsum (calcium sulphate). When trimming acrylic appliances with a dental bur the particulates will comprise largely polymethylmethacrylate and when polishing the same appliances with a slurry of pumice the particulates will comprise mainly silica and alumina. The WEL for silica is currently 0.1 mg/m
